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Abstract 
Dissociative electron attachment to PtBr2 in the gas phase was studied in the low electron 
energy range from zero up to 10 eV with an energy resolution of 150 meV. The experiments 
were carried out using a hemispherical electron monochromator coupled with a quadrupole 
mass spectrometer and pulse counting acquisition system. The only anion observed was Br-. 
This ion is formed at three resonance electron energies: 0.4 eV, 1.2 eV and 7 eV. By the 
measurements of the Br- formation at different sample temperatures (in the 360 – 460 K 
range) the 0.4 eV resonance was associated with the electron capture by HBr generated in the 
apparatus at elevated temperatures. In addition, the thermodynamic thresholds for dissociative 
electron attachment reactions for platinum(II) bromide were calculated and compared with the 
experimental results. 
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Introduction 
 
Platinum is a noble metal that alone shows a low toxicity to living organisms, whereas 
in a form of various salts and more complex derivatives has been proven to be a very 
powerful tool in cancer therapy [1,2]. Nowadays platinum-based chemotherapy drugs are 
among the most powerful and widely used against cancer [3-5]. One of the most known 
compound in tumour treatment is cis-diamminedichloroplatinum (II), also called cisplatin 
(Pt(NH3)2Cl2). Since the discovery of its toxic properties in the mid 1960s [5], it has become 
not only one of the major drugs in cancer therapy but also precursor of many other 
chemotherapeutic compounds [6]. After entering the cancer cell, two chlorine atoms are lost 
from cisplatin predominantly due to hydrolysis and then bifunctional intrastrand DNA cross-
linking through covalent bonds with guanine or purine nucleobases is formed. Such cross-
links inhibit transcriptions of the cancer cell, block its reproducibility and result in the cell 
death. The same acting principles have other platinum based anticancer drugs as for example: 
carboplatin, oxaliplatin or nedaplatin [4]. However, currently used platinum related medicines 
have many dose limiting side effects which arise from the indiscriminate uptake of the drug 
into all rapidly dividing cells (not only tumors) and the organism attempts the drug excretion. 
The appearance of several severe side effects during such cancer treatment requires drug dose 
reduction, which may be sub-lethal to tumours. This means that cancer cells possibly 
surviving the therapy may then be able to develop resistance against the drug [7]. Therefore, 
new Pt compounds with different functional groups are sought and tested [3,4]. Extensive 
studies of platinum containing drugs led to a series of principles concerning their 
chemotherapeutical potential. The compound should be neutral to facilitate passive diffusion 
into biological cells. Additionally such a substance should contain non-leaving (with poor 
trans-labilizing ability) and leaving group(s) which enable its attachment to the DNA of the 
cancer cell.  
In many cases both chemo- and radiation- therapy (ions, X-rays, etc.) are used 
simultaneously for cancer therapy [8]. It was shown earlier that such radiation may lead to the 
release of a large number of free low-energy (<100 eV) electrons in cells [9]. These electrons 
may then interact with other molecules – also with the drugs ones, if present in a cell and 
induce further damage. Thus it is very important to know the fragmentation pattern of the 
drug and the electron energies at which the Pt based molecule may dissociate. For example, 
using the ultrafast transient absorption spectroscopy it was suggested previously that depletion 
of cisplatin in the experiments is due to dissociative electron attachment (DEA)[10]. 
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Knowledge of the mode of action of such compounds during low energy electron irradiation 
may be then useful in the cancer therapy for the energy and dose of radiation matching.  
Apart from platinum-containing drugs, brominated compounds were also found to be 
efficient radio- and photosensitizers in clinical radiotherapy [11]. Therefore, an even more 
efficient drug may be developed if it contains both platinum and bromine. Thus, we 
conducted studies of the low energy electron interaction with platinum(II) bromide (PtBr2).  
The PtBr2 molecule serves as a model molecule for more complex species containing 
platinum and it is also one of the representatives of the big group of metal halides 
(compounds comprising of metal atom(s) and halogen atom(s) (F, Cl, Br, I)). Metal halides 
have also many industrial applications, e.g. as catalysts for many chemical processes or in the 
production of electric discharge lamps. This was an additional motivation to study the 
behaviour of the PtBr2 molecule under electron irradiation which may then have some relation 
in the explanation of processes in which the metal halides are used.  
Although the electron interactions with many different types of metal halides were 
extensively studied previously [12-18], to our best knowledge there is no information 
available regarding electron attachment measurements for PtBr2. 
Moreover, the majority of investigations concerned the positive ionization of metal 
halides, whereas only a few studied the dissociative electron attachment (DEA) process 
[12,13]. In the electron ionization (EI) studies of the MBr2 molecules (where M – denote of 
the metal atom of Mn, Fe, Co, Sn, Pb, Hg, respectively) [13,15,17,18] which have similar 
atomic structure and by this also similar properties as the compound of interest, several 
fragmentation channels leading to the positive ion generation were confirmed. The formation 
of the parent molecule MBr2+ and the fragment ions MBr+, M+ and Br+ were observed. The 
appearance potentials of the listed ions increased with the reduction in the size of ionized 
species [13]. There exist also some discrepancies between the results concerning the 
generation of Br+ ions by EI of SnBr2 [17,18]. As was explained by Hirayama and Straw [17] 
this ion generation is probably directly connected with the ion pair Br+ and Br- formation 
process.  
In the case of the DEA to PbBr2 [13] two negative ions, Br- and PbBr-, were detected. 
The intensity of PbBr- was only a fraction of 0.01 of that for the corresponding positive ion. 
However, the intensity of Br- was comparable with that of Br+. This effect confirms that the 
ion pair process is very important in the Br- anion formation for this molecule. The 
dependency of the Br- current on the initial electron energy indicates resonant electron capture 
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at 2.0 ± 0.1 eV and additionally ion pair formation at higher energies. It has been reported 
previously [13] that Br- generation at 2 eV must be attributed to the following reaction: 
PbBr2 + e Pb + Br + Br-        (1) 
as the thermodynamical threshold of this reaction was calculated to be 2.1 eV. It was also 
mentioned that the generation of Br- at higher electron energies was accompanied by 
secondary electron capture processes which also led to nonzero PbBr- ion currents [13]. The 
PbBr- ion signal had a similar shape as Br- peaking at a slightly lower energy of 1.7 ± 0.1 eV.  
Pabst et al. [12] provided very interesting results in studies of DEA to SnBr4. In their 
experiments, the vapour of SnBr4 was introduced to the ion source through a gas inlet system. 
As SnBr4 is a larger molecule than PbBr2, more fragmentation channels leading to the 
negative ions formation were detected. In these investigations the following anions were 
detected: SnBr3-, SnBr2-, Br2- and Br-. For all of these anions only a single resonance was 
observed. As SnBr4 is extremely hygroscopic, authors checked also the production of Br- 
anions at energies characteristic for Br- formation from HBr and concluded that such process 
did not occur for their sample. 
 
Experimental 
The electron attachment spectrometer used in the present studies comprises of a 
molecular beam system, a high resolution hemispherical electron monochromator (HEM) and 
a quadrupole mass filter with a pulse counting system for analysing and detecting the ionic 
products. The apparatus has been described previously in detail [19]. Briefly, as the 
platinum(II) bromide is in solid state at room temperature and does not vaporize sufficiently 
for generation of a molecular beam, the PtBr2 sample was heated in a resistively heated oven. 
The evaporated PtBr2 molecules were then introduced through a copper capillary with 1 mm 
diameter to the interaction chamber of the HEM where they interacted with the well-defined 
electron beam. The anions generated by the electron attachment process were extracted by a 
weak electrostatic field into the quadrupole mass filter where they were analysed and detected 
by the channeltron. After crossing the collision region, the remaining electrons were collected 
by a Faraday plate; the electron current was monitored during the experiments using a pico-
amperemeter.  
With the HEM one is able to achieve energy distributions of about 35 meV at full width 
half maximum (FWHM). To determine the energy spread and to calibrate the energy scale the 
well known cross sections for the formation of Cl- or SF6- by electron attachment to CCl4 or 
SF6 [20], respectively, was used. In the present studies CCl4 was used for calibration of the 
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energy scale. The formation of Cl- /CCl4 is characterized by two main resonances: at 0 eV and 
0.8 eV [21,22]. The first one can be used for calibration of the electron energy scale and to 
determine the electron energy spread (the apparent FWHM represents the energy resolution of 
the electron beam). In the present experiments the FWHM and the electron current were 150 
meV and 20 nA, respectively. This relatively low resolution used represents a reasonable 
compromise between the product ion intensity and the energy spread to resolve resonances in 
the ion yields. The HEM was constantly heated to the temperature of 360 K in order to 
prevent surface charging. During our experiments the oven temperature was varied in the 360 
– 460 K range. The pressure in the main vacuum chamber of the mass spectrometer was about 
10-6 mbar to ensure collision-free conditions. Prior to the investigations, the sample of the 
platinum(II) bromide was heated over several hours at the temperature of 360 K. Before the 
electron capture measurements, the composition of the molecular beam of PtBr2 was checked 
for possible traces of its thermal decomposition. For that purpose the positive ion mass 
spectrum measured by electron ionization at the electron energy of 80 eV was collected at 
different temperatures of the sample.  
The sample of the platinum(II) bromide with a purity > 99% was purchased from 
Sigma Aldrich, Vienna, Austria.  
 
Results and discussion 
 The only product of DEA to PtBr2 in the low electron energy range (from about 0 to 
10 eV) detected in our crossed beam experiments was Br-. We were not able to detect any 
other anionic species like PtBr- or Br2-. The absence of the former is in contrast to previous 
studies of PbBr2, where PbBr- was observed [13]. However, it should be noted that the authors 
of [13] did not mention the evaporation temperature of the sample. Therefore thermal 
decomposition prior to the electron attachment cannot be excluded in their studies. The 
dihalogen anions Cl2- and Br2- were observed previously only for bigger molecules like 
cisplatin [23] and SnBr4 [12] respectively. Obviously the formation of Br2- anions seems to be 
not possible for small systems like the triatomic molecule PtBr2.  
  The corresponding Br- ion yield curves measured at the temperatures of 370 K and 
460 K are shown in Fig. 1. Two resonance features, one at low energies (0 – 4 eV) and a 
second one at higher energies (> 5 eV) were observed. Thereby the efficiency of the Br- ion 
formation exhibits a pronounced dependence on the sample temperature. We observed a 
strong increase of the intensity of the low energy peak when increasing the sample 
temperature within the temperature range investigated. In contrast to that, the DEA channel 
7 
 
leading to the Br- formation at higher energies (> 5 eV) exhibits only small changes on the 
temperature.  
 At first look, the results (Fig. 1) indicate that at the higher temperature (460 K) the 
peak with the maximum at 0.4 eV is by far the dominant one, whereas the second peak at 7 
eV has an intensity about 10 times lower. The DEA resonance peak at 0.4 eV is asymmetric 
and broad in shape. The experimental appearance energy of this peak was derived as 0 eV and 
this resonance has a long energetic tail to 3.6 ± 0.2 eV. At lower temperature (370 K) the 
feature at 0.4 eV is almost invisible and a broad DEA channel with maximum at 1.2 eV 
appears which could be also responsible for broadening the 0.4 eV peak at 460K (see insert in 
Figure 1), whereas the peak at 7 eV is still comparable (twice lower) to that one detected at 
460 K.  
 The present results indicate (i) an overall increase of ion yield with temperature and 
(ii) a much stronger temperature influence on the 0.4 eV resonance, compared to the higher 
energy feature. The first observation can be explained by the increase of the gas density in the 
molecular beam introduced to the interaction chamber of the HEM with higher temperature.  
  In our experiments temperature was varied from 370 to 460 K. During the temperature 
increase in the investigated range, the pressure in the vacuum chamber (measured by the ion 
gauge mounted onto the main chamber of the apparatus) rose from 4  10-6 mbar to 1  10-5 
mbar. Taking into account that the pressure was measured far from the interaction chamber, 
the pressure in the interaction region could have been higher by factor of 10’s than that 
indicated by the gauge. Nevertheless the pressure changes in the interaction chamber should 
correspond to these monitored by the gauge. Therefore the large changes of the Br- ion current 
intensity at low electron energies cannot be attributed to the increase of the pressure in the 
interaction chamber with the temperature rise.  
In order to elucidate the observed difference in the intensities of the 0.4 eV peak and to 
recognize which effect is responsible for it, additional measurements were performed by 
recording the ion yield at several different temperatures in the range between 380 K and 450 
K. The resulting intensities of the peak maxima at 0.4 eV and 7 eV are shown in Fig. 2 for the 
various temperatures. The Br- signal at 7 eV linearly increases with the sample temperature 
which confirms the dependence of this ion current intensity on the gas density. In the same 
temperature range the Br- peak height for the 0.4 eV resonance follows an exponential 
growth. In Figure 2 the ratio of the Br- signals for both resonances (at 0.4 and 7 eV, 
respectively) is also marked for better insight on the phenomena involved in DEA to PtBr2. It 
can be seen that in the whole temperature range studied the ratio of corresponding Br- signals 
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shows an increase, which suggests that different and independent processes are involved in 
the Br- formation at both resonances.  
Concerning the much stronger increase of intensity of the 0.4 eV peak, the following 
possibilities may be considered (i) DEA reactions to vibrationally excited states (hotbands) of 
the molecule and (ii) the electron attachment to an impurity with different temperature 
dependent density. It was shown before [24-28] that for such a situation the DEA to the 
vibrationally excited molecule could be responsible. However, after checking the possible 
DEA channels of other bromine containing molecules which may also show the formation of 
Br- at 0.4 eV, we came to the conclusion that this resonance most probably can be ascribed to 
an impurity. The Br- formation at 0.4 eV is characteristic for dissociative electron attachment 
to the HBr molecule [28-30].We suppose that in performed experiments HBr molecules can 
be formed by the interaction of PtBr2 (or its fragments) with residual H2O molecules in the 
mass spectrometer. Then generated HBr molecules could undergo dissociative electron 
attachment leading to the Br- formation at 0.4 eV. It should be noted that the DEA process to 
hydrogenated halogens (HCl and HBr) is temperature dependent and was also measured 
previously by Fedor et al. [28] (between 310 to 870 K). At elevated temperatures additional 
peaks (at near 0 eV and 0.3 eV) appeared in the cross section of the Br-/HBr channel [28] 
which were not observed presently due to the limited temperature range. In contrast to our 
studies, in their results of DEA to HBr at different temperatures [28], large increase of the 
yield of Br- formation with the sample temperature was not observed. Taking this into account 
we assume that the yield of the HBr formation process is temperature dependent. This 
assumption can be confirmed by the previous results of negative surface ionisation studies of 
electron attachment to CH3Cl and SF6 [31, 32]. In those investigations the untypical (in 
comparison to other molecular anions observed) behaviour of the Cl- and F- ions signal was 
observed. The molecular ion currents disappeared 5 s after the gas addition was stopped, 
whereas the ion currents of Cl- and F- remained at the level of about 15% of its primary value 
for up to one minute after the respective CH3Cl and SF6 gas addition was stopped. This 
different behavior of the Cl- and F- anion formation was attributed not only as DEA to the 
neutral, parent molecules of interest, but also to HCl and HF respectively, which were 
produced from the studied sample and water in the ion source. The intensities of both Cl- and 
F- anions were temperature dependent. For the explanation of the possible HBr formation 
during our studies it should be also mentioned that the bond strength of halogen-containing 
compounds decreases with the atomic number of the halide (i. e., F > Cl > Br) [33]. This 
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holds also for hydrogen as connecting atom in the series from HF to HBr and therefore the Br- 
formation from HBr in our experiments is an efficient process.  
The closer inspection of positive ion mass scans collected during the first phase of our 
investigations has proved the presence and therefore the generation of the HBr from PtBr2 in 
the apparatus. In Figure 3 two mass spectra in the m/z (mass/charge) region covering the Br+ 
and HBr+ ions are presented. These mass spectra were recorded at temperatures of 420 K and 
460 K respectively. In both spectra four (major) peaks are observed at m/z = 79, 80, 81 and 
82. The ions with m/z equal 79 and 81 correspond to the two bromine isotopes with natural 
abundances of 50.7 % and 49.3 % respectively, whereas the next pair of ions (m/z = 80 and 
82) reflects the HBr+ formation. The ion current in this figure was normalized to the signal of 
HBr+, Br+ ion intensity is almost the same at 420 K and 460 K. Hence the generation of HBr+ 
at the temperature range applied in our experiments is dominant and yields in this ion signal 
with the increase of temperature. However the mass spectrum recorded differs from that 
obtained for electron ionization and photoionization of the HBr molecule [34] which confirms 
that the Br+ is formed in IE to both HBr and PtBr2. This also holds for the negative ion of 
bromine, it is formed both from the PtBr2 and HBr respectively.  
 
Quantum chemical calculations 
To complement the experimental studies, quantum chemical calculations of the 
thermochemical thresholds for possible channels of DEA to the PtBr2 were performed using 
the Gaussian 09 software [35]. For this purpose we first evaluated different model chemistries 
by comparison to experimental data for atomic and molecular electron affinities, where 
available, as well as the binding energy of Br2, (see Table 1). In particular, we compared the 
performance of the M06-L functional [36] with different ab initio approaches, i.e. MP2, 
CCSD and CCSD(T). The M06-L functional has been found earlier to be especially suited for 
the treatment of molecular complexes including transition metals such as Pt [37]. The choice 
of the basis set, i.e. the aug-cc-pVTZ-PP basis set [38,39], has been based on test calculations 
employing also the SDD basis set [40] as implemented in Gaussian 09 [35] and the aug-cc-
pVDZ-PP basis set [38,39]. It was found that neglecting polarization functions as well as 
diffuse functions and using a large-core basis result in quite large deviations, up to 0.7 eV 
from the experimental values given in Table 1. This is in line with the finding that the use of 
pseudo-potentials is better suited to describe heavy elements if small-core basis sets are used 
[41]. The use of the small-core basis sets aug-cc-PVDZ-PP and aug-cc-PVTZ-PP significantly 
improved the situation, except for the electron affinity of Pt which was still largely 
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underestimated by the ab initio methods. Increasing the number of basis functions by going 
from the double-zeta basis aug-cc-pVDZ-PP to the triple-zeta basis aug-cc-PVTZ led only to 
a slight change in the resulting values. Therefore, the aug-cc-pVTZ-PP basis set was chosen 
for the calculation of the reaction thresholds. In terms of methods, the M06-L functional 
predicts the considered experimental electron affinities and the binding energy of Br2 within 
0.3 eV, whereas the ab initio methods strongly underestimate the electron affinity of Pt as 
mentioned already above while being of the same accuracy as M06-L considering the other 
numbers. Thus, the thermodynamical reaction thresholds have been calculated at the M06-
L/aug-cc-pVTZ-PP level of theory and are summarized in Table 2. They have been 
determined by calculating the difference between the electronic energies of the reaction 
products and the reactant, i.e. PtBr2, including zero-point energies as well as thermal 
corrections for a temperature of 298.15 K.  
The calculations show that the electron affinity of PtBr2 using this model chemistry is 3.59 
eV. Thus the present non-observation of the parent anion indicates rapid electron 
autodetachment from the parent molecular ion. The calculations show that from the energetic 
point of view all channels listed in the Table 2 are possible in the studied range of the electron 
energy. Though these channels are in competition therefore, the only fragment observed in 
our experiments was Br-. After identification of the 0.4 eV resonance as impurity we assign 
the 1.2 eV resonance to the dissociation reaction Br- + PtBr (thermodynamical threshold of -
0.54 eV), whereas for the resonance at 7 eV the dissociation channel Br- + Pt + Br is 
energetically open (threshold of 3.03 eV). 
 
Conclusions 
Using electron attachment spectroscopy DEA to platinum(II) bromide was studied in 
the gas phase. The only detected anion was Br-. This anion formation was observed at three 
different resonance energies (0.4 eV, 1.2 eV and 7 eV). The resonance at 0.4 eV has shown 
pronounced dependence on the sample temperature. The energetic position of this resonance 
agrees with that for Br- formation from HBr. Therefore the Br- anion production at this 
electron energy was connected to the DEA to HBr, generated in the oven. The positive mass 
scans also confirmed this assumption. Ab initio calculations of the thermodynamical 
thresholds for the possible channels leading to the negative ion formation from PtBr2 were 
also performed. Based on the calculations, the resonance at 1.2 eV is ascribed to the DEA 
reaction, in which Br- and neutral PtBr are formed, whereas the resonance at 7 eV is attributed 
to DEA leading to the formation of Pt, Br- and Br fragments, respectively. 
11 
 
 
Acknowledgements 
This work was partially supported by the COST Action MP1002 and FWF (P22665).  S. E. H. 
acknowledges funding by the Austrian Science Fund (FWF) DK+ project Computational 
Interdisciplinary Modeling, W1227-N16. 
 
 
References 
[1] M. J. Abrams, B.A. Murrer, Science 261/5122 (1993) 725. 
[2] J. Reedijk, European Journal of Inorganic Chemistry 10 (2009) 1303. 
[3] N.J. Wheate, S. Walker, G.E. Craig, R. Oun, Dalton Transactions 39 (2010) 8113. 
[4] G.Y. Park, J.J. Wilson, Y. Song. S.J. Lippard, Proceedings of the National Academy of 
Sciences 109/30 (2012) 11987. 
[5] B. Rosenberg, L. Van Camp, T. Krigas, Nature 205 (1965) 698. 
[6] P.J. O’Dwyer, J.P. Stevenson, S.W. Johnson, Drugs 59 Suppl. 4 (2000) 19. 
[7] L.R. Kelland, Drugs 59 Suppl. 4 (2000) 1. 
[8] H. Choy (Ed.), Chemoradiation in Cancer Therapy, Humana Press, Totowa, NJ, 
 2003. 
[9] S.M. Pimblott, J.A., Laverne, Radiation Physics and Chemistry 76 (2007)1244. 
[10] Q.B. Lu, S. Kalantari, C.R. Wang, Molecular Pharmaceutics 4 (2007) 624. 
[11] M.A. Bagshaw, R.L. Scotte dogget, K.C. Smith, H.S. Kaplan, T.S. Nelsen, The 
American Journal of Roentgenology, Radium Therapy and Nuclear Medicine, 99/4 (1967) 
886. 
[12] R.E. Pabst, D.L. Perry, J.L. Margrave, J.L. Franklin, International Journal of Mass 
Spectrometry and Ion Physics 24 (1977) 323. 
[13] J.W. Hasie, H. Bloom, J.D. Morrison, Journal of Chemical Physics 47 (1967) 1580. 
[14] J. D. Corbett, Journal of Alloys and Compounds 229 (1995) 10. 
[15] S. Evans, A.F. Orchard, Journal of Electron Spectroscopy and Related Phenomena 6 
(1975) 207. 
[16] C. Hiroyama, R.L. Kleinosky, Thermochimica Acta 47 (1981) 355. 
[17] C. Hirayama, R.D. Straw, Thermochimica Acta, 80 (1984) 297. 
[18] D.J. Knowles, A.J.C. Nicholson, D.L. Swinger, Journal of Physical Chemistry 74 (1970) 
3642. 
[19] S. Denifl, S. Ptasinska, B. Sonnweber, P. Scheier, D. Liu, F. Hagelberg, J. Mack, L. 
Scott, T.D. Märk, Free-electron attachment to coronene and corannulene in the gas phase. J. 
Chem. Phys. 10 (2005) 104308 
[20] A. Stamatovic, P. Scheier, and T.D. Märk, Journal of Chemical Physics 88 (1988) 6884.  
[21] S. Matejcik, A. Kiendler, A Stamatovic, T.D. Märk, International Journal of Mass 
Spectrometry and Ion Processes 149/150 (1995) 311. 
[22] M. Braun, S. Marienfeld, M-W. Ruf, H. Hotop Journal of Physics B: Atomic, Molecular 
and Optical Physics 42 (2009) 125202. 
[23] J. Kopyra, C. Koenig-Lehmann, I. Bald, E. Illenberger, Angewandte Chemie 
International Edition 48 (2009) 7904. 
[24]I. Hahndorf, E. Illenberger, International Journal of Mass Spectrometry and Ion Physics 
167/168 (1997) 87. 
[25] S. Matejcik. V. Foltin, M. Stano, J.D. Skalny, International Journal of Mass 
Spectrometry 223/224 (2003) 9. 
12 
 
[26] S. Matejcik, I. Ipolyi, E. Illenberger, Chemical Physics Letters 375 (2003) 660. 
[27] P. Spanel, D. Smith, Chechoslovak Journal of Physics 48 (1998) 1119. 
[28] J. Fedor, M. Cingel, J.D. Sklany, P. Scheier, T.D. Märk, M. Cizek, P. Kolorenc, J. 
Horacek, Physical Reviev A 75 (2007) 022703. 
[29] M. Cizek, J. Horacek, A. Ch. Sergenton, D.B. Popovic, M. Allan, W. Domcke, T. 
Leininger, F.X. Gadea, Physical Review A 63 (2001) 062710. 
[30] J.P. Ziesel, I. Nenner, G.J. Schulz, Journal of Chemical Physics, 63 (1975) 1943. 
[31] A. Pelc, S. Halas, Rapid Communications in Mass Spectrometry 22 (2008) 3977. 
[32] A. Pelc, Rapid Communications in Mass Spectrometry 26 (2012) 577.  
[33] A. Ignaczak, J.A.N.F. Gomes, Journal of Electroanalytical Chemistry 420 (1997) 71. 
[34] C.E. Brion, Y. Iida, F. Carnovale, J.P. Thomson, Chemical Physics 98 (1985) 327. 
[35] M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R. Cheeseman, G. 
Scalmani, V. Barone, B. Mennucci, G.A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H.P. 
Hratchian, A.F. Izmaylov, J. Bloino, G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K. 
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. 
Vreven, J.A. Montgomery, Jr., J.E. Peralta, F. Ogliaro, M. Bearpark, J.J. Heyd, E. Brothers, 
K.N. Kudin, V.N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J.C. 
Burant, S.S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J.M. Millam, M. Klene, J.E. Knox, J.B. 
Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R.E. Stratmann, O. Yazyev, A.J. 
Austin, R. Cammi, C. Pomelli, J.W. Ochterski, R.L. Martin, K. Morokuma, V.G. Zakrzewski, 
G.A. Voth, P. Salvador, J.J. Dannenberg, S. Dapprich, A.D. Daniels, O. Farkas, J.B. 
Foresman, J.V. Ortiz, J. Cioslowski, D.J. Fox, Gaussian 09, Revision A.1, in, Gaussian, Inc., 
Wallingford CT, 2009.  
[36] Y. Zhao, D.G. Truhlar, Journal of Chemical Physics, 110 (2006) 5121.  
[37] Y. Zhao, D.G. Truhlar, Accounts of Chemical Research, 41 (2008) 157. 
[38] K.A. Peterson, D. Figgen, E. Goll, H. Stoll, M. Dolg, Journal of Chemical Physics, 119 
(2003) 11113. 
[39] D. Figgen, K.A. Peterson, M. Dolg, H. Stoll, Journal of Chemical Physics, 130 (2009) 
164108. 
[40] D. Andrae, U. Haeussermann, M. Dolg, H. Stoll, H. Preuss, Theoretical Chemistry 
Accounts, 77 (1990) 123. 
[41] P. Schwerdtfeger, ChemPhysChem, 12 (2011) 3143. 
[42] R.C. Bilodeau, M. Scheer, H.K. Haugen, R.L. Brooks, Physical Review A, 61 (1999) 
012505. 
[43] C. Blondel, P. Cacciani, C. Delsart, R. Trainham, Physical Review A, 40 (1989) 3698-
3701. 
[44] B.K. Janousek, J.I. Brauman, Gas Phase Ion Chemistry, New York: Academic Press, 
New York, 1979. 
[45] V.L. Vedeneyev, L.V. Gurvich, V.N. Kondrat'yev, V.A. Medvedev, Y.L. Frankevich, 
Bond energies, ionization potentials and electron affinities, St. Martin's Press, New York, 
1962. 
13 
 
 
Table and Figure captions 
 
TABLE 1: Electron affinities (EA) of Pt, Br and Br2 and binding energy (BE) of Br2 as 
obtained by M06-L, MP2, CCSD and CCSD(T), always in conjunction with the aug-cc-
pVTZ-PP basis set, and obtained by experiment (references are given in brackets). All values 
are given in eV. 
Quantity M06-L MP2 CCSD CCSD(T) Exp. 
EA of Pt 1.86 1.36 0.86 1.16 2.13 [42] 
EA of Br 3.13 3.44 3.27 3.35 3.36 [43] 
EA of Br2 2.57 2.46 2.47 2.47 2.53 [44] 
BE of Br2 2.12 2.34 2.00 2.17 1.97 [45] 
 
 
 
 
TABLE 2: Thermochemical reaction thresholds calculated at the M06-L/aug-cc-pVTZ-PP 
level of theory including ZPE and thermal corrections at T = 298.15 K for dissociative 
electron attachment to PtBr2. 
Reaction: e- + PtBr2 → Thermochemical reaction threshold [eV] 
Br- + PtBr -0.54 
Br- + Pt + Br 3.03 
Br2- + Pt 0.97 
Pt- + Br2 1.68 
Pt- + Br + Br 3.80 
PtBr- + Br 0.31 
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Figure Captions 
 
 
Fig. 1. 
Formation of Br- by dissociative electron attachment to PtBr2 at two (370 K and 460 K) 
temperatures of the sample. The insert shows in detail the Br-/ PtBr2 generation at 370 K in the 
electron energy range from about 0 up to 3.2 eV. 
 
Fig. 2. 
The ion Br- current intensities at peak positions of 0.4 eV and 7 eV versus the sample 
temperature. The ratio of the Br- signals for both resonances (0.4 and 7 eV, respectively) at 
peak energetic position is also included.  
 
Fig. 3.  
Positive ions mass spectra in the m/z ratio of 77 to 84 obtained at the oven temperature of 420 
K and 460 K, respectively. 
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Fig. 2. 
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Fig.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
77 78 79 80 81 82 83 84
0.0
0.2
0.4
0.6
0.8
1.0
77 78 79 80 81 82 83 84
0.0
0.2
0.4
0.6
0.8
1.0
 
 
m/z
460 K
 
 
420 K
Io
n 
cu
rre
nt
 in
te
ns
ity
 [a
rb
 u
ni
ts
]
m/z
